The protonmotive force and beta-galactoside transport in Bacillus acidocaldarius.
The acidophilic and thermophilic bacterium, Bacillus acidocaldarius maintains a cytoplasmic pH between 5.85 and 6.31 over a range of external pH from 2.0 to 4.5. Consistently, the pH optimum of beta-galactosidase, as assayed in cell extracts, is between pH 6.0 and 6.5. An electrical potential (delta-psi), interior positive, is also maintained across the membrane. A delta-psi of approximately 34 mV was calculated from determinations of thiocyanate uptake by cells at pH 3.5. Addition of the proton conductor carbonyl cyanide m-chlorophenylhydrazone increased the delta-psi. Treatment of cells with valinomycin (in the absence of external potassium ions) or high concentrations of thiocyanate, to abolish the delta psi, resulted in collapse of the transmembrane proton gradient (delta pH). Active transport of methylthio-beta, D-galactoside occurred optimally at pH 3.5. Transport of the galactoside was inhibited by various compounds which could dissipate the transmembrane delta pH and by respiratory inhibitors. A decrease in the delta pH and an increase in the delta psi occurred upon addition of methylthio-beta, D-galactoside to cells of B. acidocaldarius. Thus the transport of this solute appears to involve an electrogenic symport with protons. The transport system is most active at 50 degrees C and shows little activity at 25 degrees C, although the delta pH is the same at the two temperatures. Gramicidin inhibits methylthio-beta, D-galactoside transport equally effectively at 50 degrees C and 25 degrees C, while nigericin inhibits only after a lag at 25 degrees C.